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Abstract — Despite being relatively well studied from a botanical, chemical, and (acute) pharmaco- 
logical perspective, little is known about the possible toxic effects of ayahuasca (an hallucinogenic 
brew used for magico-ritual purposes) in pregnant women and in their children, and the potential 
toxicity of long-term ayahuasca consumption. It is the main objective of the present text to do an 
overview of the risks and possible toxic effects of ayahuasca in humans, reviewing studies on the acute 
ayahuasca administration to humans, on the possible risks associated with long-term consumption by 
adults and adolescents, and on the possible toxic effects on pregnant animals and in their offspring. 
Acute ayahuasca administration, as well as long-term consumption of this beverage, does not seem 
to be seriously toxic to humans. Although some nonhuman developmental studies suggested possi- 
ble toxic effects of ayahuasca or of some of its alkaloids, the limited human literature on adolescents 
exposed to ayahuasca as early as in the uterus reports no serious toxic effects of the ritual consump- 
tion of the brew. Researchers must take caution when extrapolating nonhuman data to humans and 
more data are needed in basic and human research before a definite opinion can be made regarding the 
possible toxic effects of ayahuasca in pregnant women and in their children. 
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Ayahuasca is a psychoactive hallucinogenic plant 
preparation, which has as its main ingredient the 
Amazonian jungle vine Banisteriopsis caapi, which is rich 
in /S-carbolines, especially harmine, tetrahydroharmine 
(THH) and harmaline (usually present only in trace 
amounts) (dos Santos 201 la; Riba 2003; Ott 1994; Schultes 
& Hofmann 1992; Schultes 1986). Ayahuasca can be pre- 
pared with B. caapi alone or by adding various admixtures 
plants to the liana in the beverage preparation. Among 
these other plants, one of the main ingredients is the shrub 
Psychotria viridis, which is rich in the serotonin2A/2C/iA 
receptor agonist hallucinogen N, /V- d i m c t h y 1 1 r y p t a m i n c 


Advisory Board, International Center for Ethnobotanical Education, 
Research & Service, Halsteren, The Netherlands. 

Please address correspondence to Rafael Guimaraes dos Santos, 
Ph.D., International Center for Ethnobotanical Education, Research & 
Service, Nieuwe Zandstraat 4, 4661 AP Halsteren, The Netherlands; email: 
banisteria@gmail.com 


(DMT) (dos Santos 2011a; Riba 2003; Ott 1994; 
Schultes & Hofmann 1992; Schultes 1986). /i-Carbolincs 
in ayahuasca (i.e., harmine, THH and harmaline) are 
reversible inhibitors of the enzyme monoamine oxidase 
A (MAO-A), which is involved in DMT metabolism. 
In ayahuasca, compounds that are inhibitors of MAO-A 
from B. caapi inhibit the metabolism of DMT in the gut 
and thereby allow it to reach the central nervous system 
(dos Santos 2011a; Riba 2003; Riba et al. 2003). 

Ayahuasca has been used by dozens of indigenous 
groups from the Northwestern Amazon for ritual pur- 
poses at least for centuries. Ayahuasca has also been used 
by mestizo populations in Amazonian countries like Peru 
and Colombia for decades (Luna 2011). The Brazilian 
ayahuasca religions Santo Daime, Uniao do Vegetal and 
Barquinha, which use ayahuasca ritually, are now present in 
many parts of the world (Labate, Rose & dos Santos 2009). 
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There is increasing interest in the effects of ayahuasca 
on humans, especially in adolescents and children, and also 
on the therapeutic potentials of this beverage. It seems an 
appropriate moment to review the safety and toxicological 
aspects associated with the acute administration and also 
with the long-term consumption of ayahuasca. 

The main objective of the present work is to provide 
an overview of the toxicological aspects of ayahuasca in 
humans. Also, the possible relevance of preclinical studies 
on developmental toxicology to the human ritual context of 
ayahuasca consumption will be discussed. 

MATERIAL AND METHODS 

A bibliographical research was performed searching 
for ayahuasca research conducted in humans until January 
of 2013. Preference was made for including in this review 
double-blind placebo-controlled randomized clinical trials 
of acute ayahuasca administration, but studies that did not 
include a nondrug (placebo) condition were also included. 
Psychological, neuropsychological and psychiatric evalua- 
tions of long-term ayahuasca consumption by adolescents 
and adults were also reviewed. Another bibliographical 
research, also conducted until January of 2013, was per- 
formed for preclinical studies of developmental toxicology 
involving ayahuasca or some of its isolated alkaloids. For 
both bibliographical researches, study languages were lim- 
ited to Portuguese, English and Spanish. Article research 
was performed using the PubMed and SciELO (Brazilian) 
databases, specialized books and book chapters, as well as 
the relevant bibliographies extracted from research papers, 
books and book chapters. 

RESULTS AND DISCUSSION 

Studies of Acute Ayahuasca Administration 

The clinical pharmacology of acute doses of ayahuasca 
has been well characterized by the team of Dr. Jordi Riba 
in the Hospital de la Santa Creu i Sant Pau, in Barcelona, 
Spain. This team has conducted a series of controlled clini- 
cal trials of acute ayahuasca administration. The ayahuasca 
used in the studies by Riba and colleagues was prepared 
and imported from Brazil and used in the clinical tri- 
als as encapsulated freeze-dried material in which doses 
used ranged from 0.5 to 1 mg DMT/kg body weight. 
Studies included single- (Riba et al. 2001) and double-blind 
(dos Santos et al. 2012, 2011; Barbanoj et al. 2008; Riba 
et al. 2006, 2004, 2003, 2002; Riba, Rodrlguez-Fornells 
& Barbanoj 2002; Yritia et al. 2002) crossover placebo- 
controlled clinical trials using a single ayahuasca dose 
(dos Santos et al. 2011; Barbanoj et al. 2008; Riba et al. 
2006, 2004, 2003, 2002, 2001; Riba, Rodrlguez-Fornells & 
Barbanoj 2002; Yritia et al. 2002) or two repeated doses 
(dos Santos et al. 2012). 


Jordi Riba’s group investigated the impact of acute 
ayahuasca administration to healthy volunteers on neuro- 
physiological (dos Santos et al. 2012, 2011; Barbanoj et al. 
2008; Riba et al. 2004, 2002; Riba, Rodrlguez-Fornells & 
Barbanoj 2002), neuroendocrine (dos Santos et al. 2012, 
2011), cardiovascular (dos Santos et al. 2012; Riba et al. 
2003, 2001), autonomic (dos Santos et al. 2012, 2011), bio- 
chemical (Riba et al. 2001) and immunological (dos Santos 
et al. 2012, 2011) measures. Pharmacokinetic/metabolism 
(Riba et al. 2003; Yritia et al. 2002; see also Mcllhenny 
et al. 2012, 2011; Riba et al. 2012) and neuroimaging 
studies (Riba et al. 2006) were also performed. 

All these studies provide evidence that acute admin- 
istration of ayahuasca in the clinical setting to healthy 
volunteers is safe, presenting an acceptable tolerability 
(reviewed in dos Santos 2011a; Bouso & Riba 2011; Riba 
& Barbanoj 2011, 2005; dos Santos 2010a; Gable 2007; 
Riba 2003). 

The subjective effects of ayahuasca included signif- 
icant perceptual, cognitive and affective modifications. 
A time curve of DMT plasma levels, which fit with the 
overall duration and peak values of subjective effects, was 
described (Yritia et al. 2002; Riba et al. 2003), as well 
as an increased urinary excretion of normetanephrine, a 
methylated breakdown product of norepinephrine (Riba 
et al. 2003). The increase in normetanephrine is in line 
with MAO inhibition. Blood analyses were without any 
evidence of clinically relevant alterations in hematolog- 
ical indices or biochemical indicators of liver function 
or other standard analytical parameters (cellular counts, 
plasma bilirubin, and hepatic enzymes) (Riba et al. 2001). 

Ayahuasca produced significant and dose-dependent 
modifications of brain electrical activity (electroen- 
cephalography, EEG), which were more intense and longer 
lasting as the dose increased. Specifically, ayahuasca pro- 
duced a relative power increase in the beta band (dos Santos 
et al. 2012, 2011; Riba et al. 2002). Ayahuasca also pro- 
duced a decremental effect on sensory gating as measured 
by P50 suppression (Riba, Rodrlguez-Fornells & Barbanoj 
2002 ). 

The differential involvement of cortical brain regions 
in the EEG effects of acute ayahuasca administration 
was analyzed by means of low-resolution electromagnetic 
tomography (LORETA) (Riba et al. 2004). This study 
reported that ayahuasca decreased power density predom- 
inantly over the temporo-parieto-occipital junction, tem- 
poro medial cortex and in front omedial regions. These areas 
comprise the somatosensory, auditory and visual associa- 
tion cortices, the temporo-parietal association cortex, and 
also paralimbic structures, with relevant roles in emotion 
and memory processes. 

Ayahuasca administration led to significant activa- 
tion of frontal and paralimbic brain regions measured by 
means of single photon emission tomography (SPECT). 
Increased blood perfusion was observed bilaterally in 
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the anterior insula/inferior frontal gyrus, with greater 
intensity in the right hemisphere, and in the ante- 
rior cingulate/frontomedial cortex of the right hemi- 
sphere, areas previously implicated in somatic aware- 
ness, subjective feeling states, and emotional arousal. 
A smaller cluster was found in the ventral anterior 
cingulate/subcallosal gyrus. Additional increases were 
observed in the left amygdala/parahippocampal gyrus, a 
structure also involved in emotional arousal (Riba et al. 
2006). 

Barbanoj and colleagues (2008) reported that 
ayahuasca did not induce any subjectively perceived dete- 
rioration of sleep quality or polysomnography-measured 
disruptions of sleep initiation or maintenance. Ayahuasca 
inhibited REM sleep, decreasing its duration. 

Moderate increases in systolic blood pressure, dias- 
tolic blood pressure and heart rate were also reported (dos 
Santos et al. 2012; Riba et al. 2003, 2001), which led Riba 
and colleagues to conclude that ayahuasca poses only a 
moderate risk from the cardiovascular point of view when 
administered to healthy volunteers. Nevertheless, Riba and 
Barbanoj (2005) reported that in their pilot and final study 
combined, two volunteers showed systolic blood pressure 
values above 140 mm Hg at some point and four showed 
diastolic blood pressure values above 90 mm Hg, the diag- 
nostic criteria for hypertension. One volunteer showed 
heart rate values above 100 bpm, the diagnostic criterion 
of tachycardia. 

Plasma levels of prolactin, cortisol, and growth hor- 
mone showed increases after ayahuasca and autonomic 
measures (temperature, respiration, pupillary measures) 
were moderately modified. Immunological effects of 
ayahuasca included time-dependent modifications in lym- 
phocyte subpopulations: percent CD4 and CD3 were 
decreased, whereas natural killer cells were increased (dos 
Santos et al. 2012, 2011). 

Nausea and vomiting were the most frequently 
reported adverse effects found in the studies by Riba and 
colleagues (dos Santos et al. 2012; Riba & Barbanoj 2005; 
Riba et al. 2001). The most distressing event reported in 
the studies by Riba and colleagues (2001) was experienced 
by one volunteer during the pilot study after receiving 
the medium 0.75 mg/kg dose. The participant experienced 
an intensely dysphoric reaction with transient disorien- 
tation and anxiety. Verbal support was sufficient to get 
him through this state, which lasted around 20 minutes. 
His displeasure with the experience led him to voluntarily 
withdraw from the study. Riba and Barbanoj (2006) com- 
mented on a case of a volunteer who reported feelings of 
suspiciousness and menace after taking ayahuasca in the 
laboratory setting. According to the authors, all these signs 
disappeared completely after the expected time of action of 
ayahuasca and no medical intervention was needed. 

Prado and colleagues (2009) conducted a double- 
blind study on a group of regular ayahuasca users 


who underwent functional magnetic resonance imaging 
(fMRI) scans during the performance of a verbal flu- 
ency task. After ayahuasca, fMRI data — independent from 
the task — showed activation bilaterally in anterior and 
posterior cingulate, superior, middle and medial frontal 
gyrus, middle and superior temporal gyrus and pre- 
cuneus. Task-dependent fMRI data showed decreased acti- 
vation of areas involved in language processing (Broca’s 
area/regions of the frontal, temporal, occipital and parietal 
lobes/limbic areas/thalamus), and also activation in other 
areas (cingulate/temporal lobe). Perceptual and thought 
alterations, mood/affect elevation, with no loss of contact 
with reality were reported, and no serious adverse effects 
were reported. 

Several studies that did not include a nondrug 
(placebo) condition also presented data suggesting safety 
and acceptable tolerability after acute ayahuasca admin- 
istration. de Araujo and colleagues (2012) conducted a 
study using fMRI to explore the neural basis of the visual 
imagery produced by ayahuasca in frequent ayahuasca 
users. Ayahuasca produced increases in the activation of 
several occipital, temporal and frontal areas. In the pri- 
mary visual area, the effect was comparable in magnitude 
to the activation levels produced by a natural image with 
the eyes open, and was specifically correlated with the 
occurrence of individual perceptual changes measured by 
psychiatric scales. The activity of ayahuasca was shown 
in areas involved in episodic and working memory, the 
processing of contextual associations, intentional prospec- 
tive imagination, and the processing of information from 
internal sources. 

Barbosa and colleagues (2005) investigated the short- 
term psychological and psychiatric after-effects in naive 
ayahuasca users, describing a significant reduction in the 
intensity of minor psychiatric symptoms in the week after 
the ayahuasca experience, 

Stuckey and colleagues (2005) recorded electroen- 
cephalographic measures in two experienced ayahuasca 
consumers and reported increased global gamma coher- 
ence, and Frecska and colleagues (2004, 2003) reported 
that acute ayahuasca administration to individuals who 
were participating in ayahuasca ceremonies produced sev- 
eral effects on binocular rivalry, which was interpreted as 
indicating interhemispheric fusion. 

Callaway and colleagues (1999, 1996) measured 
the acute subjective, neuroendocrine, cardiovascular and 
autonomic impact of ayahuasca administration to long- 
term users of the brew, using a standard dose of ayahuasca 
of 2 ml/kg body weight. The overall pattern of subjec- 
tive and physiological effects was similar to the reports by 
Riba and coworkers, presenting increases in prolactin, cor- 
tisol and growth hormone levels and on cardiovascular and 
autonomic measures. Pomilio and colleagues (2003, 1999) 
reported similar effects on subjective and neuroendocrine 
measures after acute ayahuasca administration. 
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In an exploratory study of acute ayahuasca admin- 
istration to three depressed females participants (Osorio 
et al. 2011; see below), no serious adverse reactions were 
reported, suggesting good tolerability for ayahuasca in this 
group of patients. 

Studies of Long-Term Ayahuasca Consumption by 
Adults 

There appears to be an overall good tolerability for 
long-term ayahuasca consumption. The available scientific 
literature suggests that there is no evidence of physiologi- 
cal toxicity in long-term consumers of ayahuasca, and that 
this population does not present evidence of psychological, 
neuropsychological or psychiatric harm (Bouso et al. 2012, 
2011; Fabregas et al. 2010; Barbosa et al. 2009; Halpern 
et al. 2008; Andrade et al. 2004; Grab et al. 1996; Callaway 
et al. 1994; see for review Barbosa et al. 2012; Bouso 
& Riba 2011; dos Santos 2010a; Gable 2007). The vol- 
unteers evaluated in these investigations, which included 
many long-term members of Brazilian ayahuasca religions 
like Santo Daime, Uniao do Vegetal and Barquinha, have 
been consuming ayahuasca for several years, sometimes for 
several decades, without any apparent harm. 

The incidence of psychopathology in this population 
appears to be low, although some cases have been published 
describing the occurrence of psychotic manifestations that 
can persist after the expected effects of ayahuasca (dos 
Santos & Strassman 2011; Lima & Tofoli 2011; Lima 
et al. 2002; see for review Bouso & Riba 2011; dos Santos 
2010a; Gable 2007). Nevertheless, according to the scien- 
tific evidence, these psychotic-like adverse reactions seem 
to be a rare outcome following ayahuasca ingestion. 

Ayahuasca, Pregnant Women and Adolescents 

The use of ayahuasca by pregnant women, and the 
possible toxic effects in their children, is a topic that 
has not been much explored. The only studies that eval- 
uated some of these aspects concluded that adolescents 
exposed to ayahuasca in various stages of their develop- 
ment, including in the uterus and throughout childhood and 
adolescence, were normal from a psychiatric, psychologi- 
cal and neuropsychological perspective (da Silveira et al. 
2005; Dobkin de Rios et al. 2005; Doering-Silveira et al. 
2005a, b). Furthermore, it must be acknowledged that there 
is no scientific publication reporting any toxic effects of 
ayahuasca in pregnant women or in children born from 
these women, despite the at least centuries-old human ritual 
consumption of ayahuasca (Labate 2011). 

Ayahuasca’s Potential for Causing Life-Threatening 
Adverse Reactions 

There are some rare media reports associating 
ayahuasca with life-threatening adverse reactions (e.g., 
coma) and also with fatal adverse reactions (America 
Noticias 2012; El Comercio 2012; Farberov 2012; Johnson 


2012; Kovner 2012; Mason 2012; Peru21 2012; Roberts 
2012; RPP Noticias 2012; Cardenas 2011; Colombia 
Reports 2011; El Espectador 2011; La Gaceta 2011; La 
Republica 2011; Peru21 2011; Vanguardia 2011; CityTv 
2010; El Comercio 2010; Gomes 2010; La FM 2010; 
La Republica 2010; RPP Noticias 2010; Vera 2010; Neto 
2009; UOL Noticias 2009). 

Nevertheless, a causal role for ayahuasca is not clear in 
many of these cases, since no forensic analysis was made 
and only speculative explanations are given (e.g., “died 
after experiencing convulsions,” “fulminant heart attack” 
that “torn apart the aortic artery”), (for a critical discus- 
sion of these cases, see dos Santos In press[a]). It also 
must be acknowledged that all these cases were reported in 
the nonscientific literature, and that dramatic media reports 
only help to obscure possible causal relationships between 
ayahuasca and potential life-threatening adverse reactions. 

There are some published articles associating p- 
carbolines, tryptamines and ayahuasca with potential life- 
threatening adverse reactions and even fatal outcomes 
(Sklerov et al. 2005; Brush, Bird & Boyer 2004; Warren 
2004). Nevertheless, none of these reports is about 
ayahuasca per se, so they will not be further discussed in 
the present text (for a critique of one of these studies, see 
Callaway et al. 2006; for a critical discussion of all the 
cases, see dos Santos In press [a]), so they will not be 
further discussed in the present text. Moreover, the bibli- 
ographical review failed to find any case published in the 
scientific literature of any life-threatening or lethal adverse 
reactions caused by ayahuasca per se. 

Ayahuasca and Possible Chemical Interactions 

The combination of MAO inhibitors such as some 
/J-carbolines with monoaminergic and serotoninergic sub- 
stances like selective serotonin reuptake inhibitors, tryp- 
tophan or antidepressives in general could potentially 
produce the serotonin syndrome (dos Santos In press[b]; 
Frecska 2007; Boyer & Shannon 2005; Callaway 2002; 
Callaway & Grob 1998; Hilton, Maradit & Moller 1997). 

Ginseng, St. John’s wort, dextromethorphan, 

amphetamine or the empathogen-entactogen 3,4- 

methylendioxymethamphetamine (MDMA, “Ecstasy”) 
could also produce a potentially dangerous interaction 
when using ayahuasca (Pilgrim et al. 2012; Frecska 2007; 
Silins et al. 2007; Boyer & Shannon 2005; Vuori et al. 
2003). Also important is the observation that harmine is a 
selective inhibitor of the human cytochrome P450 isozyme 
2D6 (CYP2D6), which also metabolizes harmaline (Zhao 
et al. 2011; Wu et al. 2009; Callaway 2005; Riba et al. 
2003; Yu et al. 2003). The addition of drugs that inhibit 
cytochrome isoform CYP2D6 to the therapeutic use of 
selective serotonin reuptake inhibitors has been associated 
with the serotonin syndrome (Boyer & Shannon 2005). 

The combination of foods containing tyramine and 
MAO inhibitors can potentially lead to hypertension (dos 
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Santos In press; Frecska 2007; Yamada & Yasuhara 2004; 
Youdim & Weinstock 2004), and drugs like psilocybin, 
mescaline and cannabis can also produce interactions with 
ayahuasca (dos Santos 2011b; Ott 1994). 

Therapeutic Potentials of Ayahuasca 

There is anecdotal evidence that ayahuasca has ther- 
apeutic potential for treating several diseases including 
substance dependence, depression and several psycholog- 
ical disorders, and also for curing cancer (e.g., Topping 
1998). On the other hand, experimental studies for testing 
these potential effects are almost nonexistent. 

Recent preclinical and human studies present evidence 
that ayahuasca or some of its alkaloids have anxiolytic 
and antidepressive effects (Reus et al. 2012, 2010; dos 
Santos et al. 2007; Fortunato et al. 2010a, 2010b, 2009; 
see for a review Osorio et al. 2011). An exploratory study 
involving three female participants with a clinical diagnosis 
of recurring depressive disorder and current mild/severe 
depressive episode without psychotic symptoms was con- 
ducted by Osorio and collaborators (2011). The subjects had 
not been in treatment with antidepressants for two weeks 
and received a single oral dose of ayahuasca. A significant 
decrease in the scores of the Hamilton Depression Scale 
was reported starting at 40 minutes after ayahuasca intake. 
Sustained reduction in the scores of depressive symptoms 
was observed from day 1 (±79% in relation to baseline) to 
day 14 (±66% below baseline), when an expressive increase 
in depressive symptoms was seen towards baseline levels. 

In the case of drug dependence, there is preclinical evi- 
dence suggesting that harmine, a major ayahuasca alkaloid, 
could have therapeutic potentials for treating this disor- 
der (Brierley & Davidson 2012a, 2012b; Owaisat, Raffa & 
Rawls 2012; Aricioglu-Kartal et al. 2003). Moreover, anec- 
dotal evidence of the possible therapeutic role of ayahuasca 
in treating drug dependence is abundant, and several clin- 
ics exist which offer ayahuasca treatments for substance 
dependence (Fernandez & Fabregas In press; Labate et al. 
In press; dos Santos, Moraes & Holanda 2006; for a review 
see Labate et al. 2010). 

Ayahuasca and Preclinical Developmental Toxicology 

Early and modern studies. Studies conducted dur- 
ing the 1960s and 1970s reported some toxic analyses of 
the ayahuasca alkaloids in pregnant animals (Halky 1974; 
Kamel, Ibrahim & Hamza 1971; Poulson & Robson 1963; 
for a review see dos Santos 2010b). Poulson and Robson 
(1963) reported that their study “shows only a slight, if 
any, deleterious effect on early pregnancy” of harmaline in 
mice, and “tranylcypromine, like harmaline, is devoid of 
any appreciable deleterious effect on pregnancy.” In rats, 
Kamel and colleagues (1971) reported several abortifacient 
effects after the administration of a 2:1 mixture of harmine 
and harmaline, and Halky (1974) related poor reproduc- 
tivity after DMT administration. These limited studies are 


inconclusive, since some show toxic effects and others do 
not. Moreover, inconsistent results were found across stud- 
ies, suggesting the possibility of interspecies differences, 
and putting at issue the studies’ relevance to humans. 

The preclinical data received renewed evidence with 
the study by Oliveira and coworkers (2010). Ayahuasca was 
administered to pregnant rats in three different doses: an 
equivalent typical dose to that administered to humans, five 
times this dose, and ten times this dose, during the entire 
gestational period. The highest ayahuasca dose produced 
maternal toxicity, with decrease of weight gain and food 
intake. The study also reported visceral fetal findings like 
dilated brain lateral ventricle in the high-dose group, and 
dilated brain third ventricle and renal pelvis in all treatment 
groups, and these effects were dose dependent. Skeletal 
findings like incomplete ossification of the nasal bone were 
significantly increased in the high-dose group. The inci- 
dences of cervical rib, asymmetrically shaped sternebra, and 
incomplete ossification of hyoid bone, were significant in 
all treatment groups. Moreover, fetuses deriving from the 
highest dose group also presented a decrease in body weight. 

However, as pointed out in detail by dos Santos 
(2010b), the frequency of ayahuasca administration and 
the high doses of one of the alkaloids (harmaline) used in 
this study were not of high relevance to the “real world” 
human ritual pattern of ayahuasca consumption, and can- 
not be meaningfully extrapolated to humans. In summary, 
the basic aspects pointed by dos Santos (2010b) were that: 

1 ) The main toxicological findings were related to the 
higher doses; 

2) The concentrations of harmaline were very high and 
out of the range normally found in ayahuasca prepa- 
rations consumed in ayahuasca rituals by humans, 
and harmaline administered in high doses demon- 
strated selective neurotoxic effects in rats (Miwa 
et al. 2006; O’Hearn & Molliver 1997; O’Hearn & 
Molliver 1993). Nevertheless, lower doses of har- 
maline produced less severe and more inconsistent 
results in rats and it is very important to note that 
low and high doses of harmaline did not produce 
any neurotoxic effects in mice, suggesting that the 
neurotoxic effects of harmaline are species-specific; 

3) Pregnant rats were exposed to ayahuasca throughout 
their entire pregnancy period, which is not espe- 
cially relevant to the ritual pattern of ayahuasca con- 
sumption by pregnant women. As could be observed 
during personal field observations performed in the 
last decade, this particular group of ayahuasca con- 
sumers usually does not drink ayahuasca daily dur- 
ing all their pregnancy period and, in fact, they drink 
lesser amounts of the brew during the rituals (see 
also Labate 201 1). 

Different drugs, species and doses: some controver- 
sies. dos Santos (2010b) also pointed out some of the limi- 
tations of extrapolating preclinical data on drug toxicology 
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to the human realm, and to the ritual use of ayahuasca in 
particular. Metabolic and biochemical factors, for exam- 
ple, can be very different among species, and can produce 
important influences in the toxicology of drugs, as can 
dose, frequency and duration of drug administration. 

A recent case which exemplifies the limitations 
of extrapolating preclinical data to humans is that 
of the empathogen-entactogen 3,4-methylendioxymetham- 
phetamine (MDMA; “Ecstasy”). Although some doses and 
some administration schedules have demonstrated neuro- 
toxic potentials in preclinical studies, the occurrence and 
demonstration of this neurotoxic potential in humans is 
still very controversial. Despite many methodological lim- 
itations that will not be discussed in the present text, it is 
very important to observe that the limitations of extrapo- 
lating animal data to humans are one of the main pillars of 
this debate (Mueller et al. 2012, 2011; Green et al. 2012, 
2009; Halpern et al. 2011; de la Torre, Puerta & Aguirre 
2009; Selvaraj et al. 2009; Lyvers 2006; de la Torre & Farre 
2004; Vollenweider et al. 2001, 1999). 

de la Torre & Farre (2004) argue that differences in 
the enzyme responsible for the metabolism of MDMA may 
cause different susceptibilities to neurotoxic effects in dif- 
ferent species: while in humans this enzyme is CYP2D6, 
which is the same enzyme that metabolizes the ayahuasca 
alkaloids harmine and harmaline (Zhao et al. 2011; Wu 
et al. 2009; Callaway 2005; Riba et al. 2003; Yu et al. 
2003); in rats the enzyme is CYP2D1, which, although 
analogous to the human CYP2D6, is not functionally iden- 
tical (see also Mueller et al. 2012; Green et al. 2012; de 
la Torre, Puerta & Aguirre 2009). Furthermore, different 
specialists suggest that interspecies scaling methods have 
important limitations (Green et al. 2012, 2009; de la Torre, 
Puerta & Aguirre 2009; Lyvers 2006; Vollenweider et al. 
2001, 1999). 

Moreover, there is evidence of differences among 
species in the 5-HT2A/2C receptors, which are involved in 
the effects of DMT (Dougherty & Aloyo 2011; Smith et al. 
1998; McKenna & Peroutka 1989). Differences among 
species in the metabolic pathways involved in the biotrans- 
formation of harmine and harmaline were also reported 
(Zhao et al. 2012). 

In this regard, it is plausible to speculate that all these 
interspecies biological differences may influence the toxic 
effects of different drugs, including ayahuasca, depending of 
the species, the dose, and the pattern of drug administration. 

Recent advances. In a recent work, Oliveira and col- 
laborators (2011) evaluated the neurobehavioral, reflex- 
ological and physical development of the rat offspring 
exposed to ayahuasca during pregnancy and lactation (from 
the sixth day of pregnancy to the tenth day of lactation). 
They administered the lowest dose used in their previ- 
ous study (Oliveira et al. 2010). Ayahuasca did not induce 
maternal toxicity and did not alter physical and reflex- 
ological parameters or body weight. Ayahuasca also did 
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not alter both catalepsy and stereotyped behavior, but indi- 
cated that the animals were more sensitive to convulsant 
stimuli, probably explained by dopaminergic activity, since 
dopamine levels were found to be altered in the cortex of 
the experimental group. Nevertheless, no alterations were 
observed at central monoamine activity systems as deter- 
mined by relations between metabolites and neurotransmit- 
ters. On the other hand, ayahuasca produced anxiolytic-like 
effects, as reflected by an increase in frequency of entries in 
open arms in the elevated plus-maze test. These data sug- 
gest that using a lower dose of ayahuasca, more similar to 
the doses typically consumed ritually by humans, reduces 
the toxic impacts of the brew. 

Social aspects. In the case of ayahuasca, it is acknowl- 
edged that basic and preclinical research must be done, 
especially considering that thousands of people drink 
ayahuasca in Brazil alone (Labate, Rose & dos Santos 
2009), including pregnant women. However, from a social 
perspective, despite the fact that syncretic religious mani- 
festations with trance/possession-like rituals are common 
in many parts of the world where ayahuasca is used (such 
as in South American countries) it should be noted that 
western society does not have positive opinions about drug 
use in general, so ayahuasca users are seen with prejudice 
because they use a hallucinogenic (drug) plant preparation 
in their religious rituals (Labate 2011). 

Scientists should be aware that their publications have 
social impact. It is very important when publishing scien- 
tific information that can potentially be used to increase 
prejudice against minorities to take caution and to point out 
very carefully the limitations of extrapolating preclinical 
toxicological data to humans (Labate 2011). 

FINAL CONSIDERATIONS 

The scientific literature reviewed above suggests that 
acute ayahuasca administration to healthy volunteers is 
relatively safe. The literature also gives support to the 
idea that long-term ritual ayahuasca consumption by adults 
and adolescents does not appear to be seriously toxic or 
harmful. 

Although consumed ritually for at least some cen- 
turies, the available evidence derived from cross-sectional 
studies of adolescents who have chronically ingested 
ayahuasca and the interviews with mothers who used 
ayahuasca during pregnancy and did not report fetal death 
or abnormalities that they attributed to ayahuasca inges- 
tion suggests that ayahuasca does not appear to be toxic 
to pregnant women or to their children. In this regard, the 
methodology used by Oliveira and coworkers should be 
applied to other species of animals (e.g., rabbits and dogs), 
also trying different frequencies of drug administration, and 
different doses. Scientists should acknowledge the limited 
relevance of preclinical nonhuman data to the “real world” 
human ritual use of ayahuasca. 


73 


Volume 45 (1), January - March 2013 



dos Santos 


Safety and Side Effects of Ayahuasca in Humans 


REFERENCES 


America Noticias. 2012. Policfa confirmo que joven estadounidense 
fue asesinado durante sesion de Ayahuasca en Puerto Maldonado 
[Police confirms that a young North American was murdered in an 
ayahuasca session in Puerto Maldonado]. Available at: http://www. 
americatv.com.pe/portal/noticias/actualidad/polic-confirm-que- 
joven-estadounidense-fue-asesinado-durante-sesi-n-de-ayahuasca- 
en-puert. 

Andrade, E.N.; Brito, G.S.; Andrade, E.O.; Neves, E.S.; McKenna, D.; 
Cavalcante, J.W.; Okimura, L.; Grob, C. & Callaway, J.C. 2004. 
Farmacologia humana da hoasca: estudos clmicos (avaliagao clfnica 
comparativa entre usuarios do cha hoasca por longo prazo e con- 
troles; avalia£ao fisiologica dos efeitos agudos pos-ingestao do cha 
hoasca) [Human pharmacology of hoasca: clinical studies (com- 
parative clinical assessment between long-term consumers of the 
hoasca tea and controls; physiological assessment of acute effects 
after ingestion of the hoasca tea]. In: B.C. Labate & W.S. Araujo 
(Eds.) O uso ritual da ayahuasca [The ritual use of ayahuasca]. 
Second Ed. Campinas: Mercado de Letras. 

Aricioglu-Kartal, F.; Kayir, H. & Tayfun Uzbay, I. 2003. Effects of har- 
man and harmine on naloxone-precipitated withdrawal syndrome in 
morphine-dependent rats. Life Sciences 73 (18): 2363-71. 

Barbanoj, M.J.; Riba, J.; Clos, S.; Gimenez, S.; Grasa, E. & Romero, 
S. 2008. Daytime ayahuasca administration modulates REM and 
slow-wave sleep in healthy volunteers. Psychopharmacology 196 
(2): 315-26. 

Barbosa, PC.; Giglio J.S. & Dalgalarrondo, P. 2005. Altered states of 
consciousness and short-term psychological after-effects induced by 
the first time ritual use of ayahuasca in an urban context in Brazil. 
Journal of Psychoactive Drugs 2>1 (2): 193-201. 

Barbosa, PC.; Mizumoto, S.; Bogenschutz, M.P. & Strassman, R.J. 2012. 
Health status of ayahuasca users. Drug Testing & Analysis 4 (7-8): 
601-09. 

Barbosa, PC.; Cazorla, I.M.; Giglio, J.S. & Strassman, R. 2009. A 
six-month prospective evaluation of personality traits, psychiatric 
symptoms and quality of life in ayahuasca-nai've subjects. Journal 
of Psychoactive Drugs 41 (3): 205-12. 

Bouso, J.C. & Riba, J. 2011. An overview of the literature on the 
pharmacology and neuropsychiatric long term effects of ayahuasca. 
In: R.G. dos Santos (Ed.) The Ethnopharmacology of Ayahuasca. 
Trivandrum: Transworld Research Network. Available at:http:// 
www. tmres.com/ebook/uploads/rafael/T_ 1299835081 3 %20Rafael . 
pdf. 

Bouso, J.C.; Gonzalez, D.; Fondevila, S.; Cutchet, M.; Fernandez, X.; 
Barbosa, P.C.R.; Alcazar-Corcoles, M.A.; Araujo, W.S.; Barbanoj, 
M.J.; Fabregas, J.M. & Riba, J. 2012. Personality, psychopathol- 
ogy, life attitudes and neuropsychological performance among ritual 
users of ayahuasca: A longitudinal study. PLoS ONE 7 (8): e42421. 

Bouso, J.C.; Fabregas, J.M.; Gonzalez, D.; Fondevila, S.; Fernandez, X.; 
Cutchet, M. & Alcazar-Corcoles, M.A. 2011. Long-term effects 
of ritual use of ayahuasca on mental health. In: B.C. Labate 
& H. Jungaberle (Eds.) The Internationalization of Ayahuasca. 
Zurich/Berlin: Lit Verlag. 

Boyer, E.W. & Shannon, M. 2005. The serotonin syndrome. New England 
Journal of Medicine 352 (11): 1 112-20. 

Brierley, D.I. & Davidson, C. 2012a. Developments in harmine 
pharmacology — Implications for ayahuasca use and drug- 
dependence treatment. Progress in Neuropsychopharmacology 
& Biological Psychiatry 39 (2): 263-72. 

Brierley, D.I. & Davidson, C. 2012b. Harmine augments electrically 
evoked dopamine efflux in the nucleus accumbens shell. Journal of 
Psychopharmacology doi: 10.1 177/0269881 112463125. 

Brush, D.E.; Bird, S.B. & Boyer, E.W. 2004. Monoamine oxidase 
inhibitor poisoning resulting from internet misinformation on illicit 


substances. Journal of Toxicology / Clinical Toxicology 42 (2): 
191-5. 

Callaway, J.C. 2005. Fast and slow metabolizers of Hoasca. Journal of 
Psychoactive Drugs 37 (2): 157-61. 

Callaway, J.C. 2002. Fitoqufmica e neurofarmacologia da ayahuasca 
[Ayahuasca phytochemistry and neuropharmacology]. In: R. 
Metzner (Ed.). Ayahuasca, Alucinogenos, Consciencia e o Espirito 
da Natureza [Ayahuasca, Hallucinogens, Consciousness, and Spirit 
of Nature]. Rio de Janeiro: Gryphus. 

Callaway, J.C. & Grob, C.S. 1998. Ayahuasca preparations and serotonin 
reuptake inhibitors: A potential combination for severe adverse 
interactions. Journal of Psychoactive Drugs 30 (4): 367-69. 

Callaway, J.C.; Grob, C.S.; McKenna, D.J.; Nichols, D.E.; Shulgin, A. & 
Tupper, K.W. 2006. A demand for clarity regarding a case report on 
the ingestion of 5-methoxy-A/A-dimethyltryptamine (5-MeO-DMT) 
in an ayahuasca preparation. Journal of Analytical Toxicology 30 (6): 
406-07. 

Callaway, J.C.; McKenna, D.J.; Grob, C.S.; Brito, G.S.; Raymon, L.P.; 
Poland, R.E.; Andrade, E.N.; Andrade, E.O. & Mash, D.C. 1999. 
Pharmacokinetics of hoasca alkaloids in healthy humans. Journal of 
Ethnopharmacology 65 (3): 243-56. 

Callaway, J.C.; Raymon, L.P.; Hearn, W.L.; McKenna, D.J.; Grob, 
C.S.; Brito, G.S. & Mash, D.C. 1996. Quantitation of N,N- 
dimethyltryptamine and harmala alkaloids in human plasma after 
oral dosing with ayahuasca. Journal of Analytical Toxicology 20 (6): 
492-97. 

Callaway, J.C.; Airaksinen, M.M.; McKenna, D.J.; Brito, G.S. & Grob, 
C.S. 1994. Platelet serotonin uptake sites increased in drinkers of 
ayahuasca. Psychopharmacology 116 (3): 385-87. 

Cardenas, M.A. 2011. Sueco que estuvo en coma luego de tomar 
ayahuasca se recupera [Swede who was in a coma after taking 
ayahuasca recovers]. Available at: http://elcomercio.pe/peru/ 

695574/noticia-sueco-que-estuvo-coma-luego-tomar-ayahuasca-se- 
recupera_l. 

CityTv. 2010. El ceremonial Yage llevo a la muerte a un hombre de 
33 anos [The Yage ceremonial led to the death of a 33 year 
old man]. Available at: http://www.citytv.com.co/videos/287620/el- 
ceremonial-yage-llevo-a-la-muerte-a-un-hombre-de-33-anos. 

Colombia Reports. 2011. Two die in north-Colombia ayahuasca cer- 
emony. Available at: http://colombiareports.com/colombia-news/ 
news/1 8348-2-die-in-north-colombia-ayahuasca-ceremony.html. 

da Silveira, D.X.; Grob, C.S.; Dobkin de Rios, M.; Lopez, E.; 
Alonso, L.K.; Tacla, C. & Doering-Silveira, E. 2005. Ayahuasca 
in adolescence: A preliminary psychiatric assessment. Journal of 
Psychoactive Drugs 37 (2): 129-33. 

de Araujo, D.B.; Ribeiro, S.; Cecchi, G.A.; Carvalho, F.M.; Sanchez, T.A.; 
Pinto, J.P.; de Martinis, B.S.; Crippa, J.A.; Hallak, J.E. & Santos, 
A.C. 2011. Seeing with the eyes shut: Neural basis of enhanced 
imagery following ayahuasca ingestion. Human Brain Mapping 33 
(11): 2550-60. 

de la Torre, R. & Farre, M. 2004. Neurotoxicity of MDMA (ecstasy): 
The limitations of scaling from animals to humans. Trends in 
Pharmacological Sciences 25 (10): 505-08. 

de la Torre, R.; Puerta, E. & Aguirre, N. 2009. Comment on the letter by 
Green, Gabrielsson, Marsden, and Fone, MDMA: on the translation 
from rodent to human dosing. Psychopharmacology 204 (2): 379-80. 

Dobkin de Rios, M.; Grob, C.S.; Lopez, E.; da Silviera, D.X.; Alonso, 
L.K. & Doering-Silveira, E. 2005. Ayahuasca in adolescence: 
Qualitative results. Journal of Psychoactive Drugs 37 (2): 135-39. 

Doering-Silveira, E.; Lopez, E.; Grob, C.S.; Dobkin de Rios, M.; Alonso, 
L.K.; Tacla, C.; Shirakawa, I.; Bertolucci, PH. & da Silveira, D.X. 
2005a. Ayahuasca in adolescence: A neuropsychological assess- 
ment. Journal of Psychoactive Drugs 37 (2): 123-28. 


Journal of Psychoactive Drugs 


74 


Volume 45 (1), January - March 2013 



dos Santos 


Safety and Side Effects of Ayahuasca in Humans 


Doering-Silveira, E.; Grob, C.S.; Dobkin de Rios, M.; Lopez, E.; 
Alonso, L.K.; Tacla, C. & da Silveira, D.X. 2005b. Report 
on psychoactive drug use among adolescents using ayahuasca 
within a religious context. Journal of Psychoactive Drugs 37 (2): 
141-44. 

dos Santos, R.G. In press(a). A critical evaluation of reports associat- 
ing ayahuasca with life-threatening adverse reactions. Journal of 
Psychoactive Drugs. 

dos Santos, R.G. In press(b). Posibles riesgos asociados al consumo de 
ayahuasca [Possible risks associated with the use of ayahuasca]. In: 
B.C. Labate & J.C. Bouso (Eds.) Ayahuasca y Salud [Ayahuasca and 
Health]. Barcelona: Los Libros de La Liebre de Marzo. 

dos Santos, R.G. 2011a. Ayahuasca: Physiological and subjective 
effects, comparison with d-amphetamine, and repeated dose 
assessment. Doctoral thesis, Universitat Autonoma de Barcelona, 
Barcelona, Spain. Available at: https://www.educacion.gob.es/teseo/ 
mostrarRef.do?ref=959049. 

dos Santos, R.G. 2011b. Possible risks and interactions of the con- 
sumption of ayahuasca and cannabis in humans. In: R.G. dos 
Santos (Ed.) The Ethnopharmacology of Ayahuasca. Trivandrum: 
Transworld Research Network. Available in: http://www.tmres.com/ 
ebook/uploads/rafael/T_ 1299835 2676% 20Rafael .pdf. 

dos Santos, R.G. 2010a. The pharmacology of ayahuasca: A review. 
Brasilia Medica 47 (2): 188-95. Available in: http://www.ambr.org. 
br/portal/arquivos/1 2.pdf . 

dos Santos, R.G. 2010b. Toxicity of chronic ayahuasca administration to 
the pregnant rat: How relevant it is regarding the human, ritual use 
of ayahuasca? Birth Defects Research. Part B, Developmental and 
Reproductive Toxicology 89 (6): 533-35. 

dos Santos, R.G. & Strassman, R.J. 2011. Ayahuasca and psychosis. 
In: R.G. dos Santos (Ed.) The Ethnopharmacology of Ayahuasca. 
Trivandrum: Transworld Research Network. Available in: http:// 
www.trnres.com/ebook/uploads/rafael/T_12998353067%20Rafael. 
pdf. 

dos Santos, R.G.; Grasa, E.; Valle, M.; Ballester, M.R.; Bouso, J.C.; 
Nomdedeu, J.F.; Homs, R.; Barbanoj, M.J. & Riba, J. 2012. 
Pharmacology of ayahuasca administered in two repeated doses. 
Psychopharmacology 219 (4): 1039-53. 

dos Santos, R.G.; Moraes, C.C. & Holanda, A. 2006. Ayahuasca e redu£ao 
do uso abusivo de psicoativos: Eficacia terapeutica? [Ayahuasca 
and reduction of the abusive use of psychoactives: Therapeutic 
efficacy?]. Psicologia: Teoria e Pesquisa 22 (3): 363-70. Available 
at http://www.scielo.br/pdf/ptp/v22n3/14.pdf. 

dos Santos, R.G.; Valle, M.; Bouso, J.C.; Nomdedeu, J.F.; Rodnguez- 
Espinosa, J.; Mcllhenny, E.H.; Barker, S.A.; Barbanoj, M.J. & Riba, 
J. 2011. Autonomic, neuroendocrine and immunological effects of 
ayahuasca. A comparative study with d-amphetamine. Journal of 
Clinical Psychopharmacology 31 (6): 717-26. 

dos Santos, R.G.; Landeira-Fernandez, J.; Strassman, R.J.; Motta, V. & 
Cruz, A.P 2007. Effects of ayahuasca on psychometric measures 
of anxiety, panic-like and hopelessness in Santo Daime members. 
Journal of Ethnopharmacology 112 (3): 507-13. 

Dougherty, J.P & Aloyo, V. J. 2011. Pharmacological and behav- 
ioral characterization of the 5-HT2A receptor in C57BL/6N mice. 
Psychopharmacology 215 (3): 581-93. 

El Comercio. 2012. Curandero fue recluido en penal tras confesar 
que causo muerte de turista [Curandero was held in prison after 
confessing that he had caused the death of a tourist]. Available 
in: http://elcomercio.pe/actualidad/1469956/noticia-curandero-fue- 
recluido-penal-confesar-que-causo-muerte-turista. 

El Comercio. 2010. Turista sueco sufrio una grave intoxicacion por ingerir 
ayahuasca [Swedish tourist suffered a severe poisoning from ingest- 
ing ayahuasca]. Available in: http://elcomercio.pe/peru/691501/ 
noticia-turista-sueco-sufrio-grave-intoxicacion-ingerir-ayahuasca. 

El Espectador. 2011. Dos muertos tras consumir yage en Santander 
[Two dead after consuming yage in Santander]. Available 


in: http://www.elespectador.com/noticias/nacional/articulo-292147- 
dos-muertos-tras-consumir-yage-santander. 

Fabregas, J.M.; Gonzalez, D.; Fondevila, S.; Cutchet, M.; Fernandez, X.; 
Barbosa, PC.; Alcazar-Corcoles, M.A.; Barbanoj, M.J.; Riba, J. & 
Bouso, J.C. 2010. Assessment of addiction severity among ritual 
users of ayahuasca. Drug and Alcohol Dependence 111 (3): 257-61. 

Farberov, S. 2012. Peruvian shaman confesses he buried body 
of U.S. teen who died from drinking hallucinogenic 
herbal brew at spiritual retreat. Available at: http://www. 
dailymail.co.uk/news/article-2202459/Kyle-Joseph-Nolan- 
death-Peruvian-shaman-confesses-buried-body-U-S-teen- 
spiritual-retreat . html ?openGraph Author= % 2Fhome% 2Fsearch . 
html%3Fs%3D%26authornamef%3DSnejana%2B Farberov. 

Fernandez, X. & Fabregas, J.M. In press. Experiencia de un tratamiento 
para las adicciones con ayahuasca en la Amazonia Brasilena 
[Experiment of a treatment for addictions using ayahuasca in the 
Brazilian Amazon]. In: B.C. Labate & J.C. Bouso (Eds.) Ayahuasca 
y Salud [Ayahuasca and Health]. Barcelona: Los Libros de La 
Liebre de Marzo. 

Fortunato, J.J.; Reus, G.Z.; Kirsch, T.R.; Stringari, R.B.; Fries, G.R.; 
Kapczinski, F.; Hallak, J.E.; Zuardi, A.W.; Crippa, J.A. & Quevedo, 
J. 2010a. Effects of /1-carboline harmine on behavioral and phys- 
iological parameters observed in the chronic mild stress model: 
Further evidence of antidepressant properties. Brain Research 
Bulletin 81 (4-5): 491-96. 

Fortunato, J.J.; Reus, G.Z.; Kirsch, T.R.; Stringari, R.B.; Fries, G.R.; 
Kapczinski, F.; Hallak, J.E.; Zuardi, A.W.; Crippa, J.A. & Quevedo, 
J. 2010b. Chronic administration of harmine elicits antidepressant- 
like effects and increases BDNF levels in rat hippocampus. Journal 
of Neural Transmission 117 (10): 1131-37. 

Fortunato, J.J.; Reus, G.Z.; Kirsch, T.R.; Stringari, R.B.; Stertz, L.; 
Kapczinski, F.; Pinto, J.P.; Hallak, J.E.; Zuardi, A.W.; Crippa, 
J.A. & Quevedo, J. 2009. Acute harmine administration induces 
antidepressive-like effects and increases BDNF levels in the rat 
hippocampus. Progress in Neuropsychopharmacology & Biological 
Psychiatry 33 (8): 1425-3. 

Frecska, E. 2007. Therapeutic guidelines: Dangers and contraindications 
in therapeutic applications of hallucinogens. In: M.J. Winkelman 
& T.B. Roberts (Eds.) Psychedelic Medicine: New Evidence for 
Hallucinogenic Substances as Treatments. Vol. 1 . Westport: Praeger. 

Frecska, E.; White, K.D. & Luna, L.E. 2004. Effects of ayahuasca 
on binocular rivalry with dichoptic stimulus alternation. 
Psychopharmacology 173 (1-2): 79-87. 

Frecska, E.; White, K.D. & Luna, L.E. 2003. Effects of the 
Amazonian psychoactive beverage ayahuasca on binocular rivalry: 
Interhemispheric switching or interhemispheric fusion? Journal of 
Psychoactive Drugs 35 (3): 367-74. 

Gable, R.S. 2007. Risk assessment of ritual use of oral dimethyltryptamine 
(DMT) and harmala alkaloids. Addiction 102 (1): 24-34. 

Gomes, H. 2010. A encruzilhada do Daime [The crossroads of Daime]. 
Available at: http://www.istoe.com.br/reportagens/48304_A+ 

ENCRUZILH ADA+DO+DAIME+PARTE+ 1 ?pathlmagens=&path 
=&actualArea=intemalPage. 

Green, A.; King, M.; Shortall, S. & Fone, K. 2012. Lost in transla- 
tion: Preclinical studies on 3,4-methylenedioxymethamphetamine 
provide information on mechanisms of action, but do not allow 
accurate prediction of adverse events in humans. British Journal of 
Pharmacology 166 (5): 1523-36. 

Green, A.R.; Gabrielsson, J.; Marsden, C.A. & Fone, K.C. 2009. 
MDMA: On the translation from rodent to human dosing. 
Psychopharmacology 204 (2): 375-78. 

Grob, C.S.; McKenna, D.J.; Callaway, J.C.; Brito, G.S.; Neves, E.S.; 
Oberlaender, G.; Saide, O.L.; Labigalini, E.; Tacla, C.; Miranda, C.T.; 
Strassman, R.J. & Boone, K.B. 1996. Human psychopharmacology 
of hoasca, a plant hallucinogen used in ritual context in Brazil. 
Journal of Nervous and Mental Disease 184 (2): 86-94. 


Journal of Psychoactive Drugs 


75 


Volume 45 (1), January - March 2013 



dos Santos 


Safety and Side Effects of Ayahuasca in Humans 


Halky, J.J. 1974. The effects of dextroamphetamine, dimethyltryptamine, 
lysergic acid diethylamide and tetrahydrocannabinol upon preg- 
nancy and the offspring. Dissertation Abstracts International B 34 
(12): 6137-8B. 

Halpem, J.H.; Sherwood, A.R.; Hudson, J.I.; Gruber, S.; Kozin, D. & 
Pope, H.G., Jr. 2011. Residual neurocognitive features of long-term 
ecstasy users with minimal exposure to other drugs. Addiction 106 
(4): 777-86. 

Halpem, J.H.; Sherwood, A.R.; Passie, T.; Blackwell, K.C. & Ruttenber, 
A.J. 2008. Evidence of health and safety in American members of 
a religion who use a hallucinogenic sacrament. Medical Science 
Monitor 14 (8): SRI 5-22. 

Hilton, S.E.; Maradit, H. & Moller, H.J. 1997. Serotonin syndrome and 
drug combinations: focus on MAOI and RIMA. European Archives 
of Psychiatry and Clinical Neuroscience 247 (3): 113-19. 

Johnson, J. 2012. Sebastopol teen dead after Peruvian ritual. Available 
at: http://www.pressdemocrat.com/article/201209 14/ ARTICLES/ 

1 209 1 9770?tc=ar. 

Kamel, S.H.; Ibrahim, T.M. & Hamza S.M. 1971. Effect of harmine 
and harmaline hydrochloride on pregnancy in white rats. Zentralbl 
Veterindrmed A 18 (3): 230-03. 

Kovner, G. 2012. Sebastopol teen died in Pem trying” to further open his 
mind”. Available at: http://sebastopol.towns.pressdemocrat.com/ 
2012/09/news/sebastopol-teen-died-in-peru-trying-to-further-open- 
his-mind/. 

La FM. 2010. Medicina Legal avanza en trabajos para determinar 
causas de la muerte de un hombre tras consumir Yage en un rit- 
ual [Forensic Medicine advances in the investigation of the cause 
of the death of a man after taking Yage in a ritual]. Available 
in: http://www.lafm.com.co/noticias/bogot-y-cundinamarca/17-l 1 - 
10/medicina-legal-avanza-en-trabajos-para-determinar-causas-de-l. 

La Gaceta. 2011. Sueco tomo un brebaje y entro en coma [Swede took a 
beverage and entered in coma]. Available at: http://www.lagaceta. 
com.ar/nota/4 16570/Inf ormaci%C3%B3n_General/Sueco-tomo- 
brebaje-entro-coma.html. 

La Republica 2011. Turista frances muere por sobredosis de ayahuasca 
[French tourist dies from overdose of ayahuasca]. Available 
at: http://www.larepublica.pe/26-l 1-201 1/loreto-turista-frances- 

muere-por-sobredosis-de-ayahuasca#foto 1 . 

La Republica. 2010. Polaco toma Ayahuasca y queda en coma 
[Polish man takes ayahuasca and enters in coma]. Available 
in: http://www.larepublica.pe/28-12-2010/polaco-toma-ayahuasca- 
y-queda-en-coma. 

Labate, B.C. 2011. Consumption of ayahuasca by children and pregnant 
women: Medical controversies and religious perspectives. Journal 
of Psychoactive Drugs 43 (1): 27-35. 

Labate, B.C.; Rose, I.S. & dos Santos, R.G. 2009. Ayahuasca Religions: A 
Comprehensive Bibliography and Critical Essays. Santa Cruz, CA: 
Multidisciplinary Association for Psychedelic Studies. 

Labate, B.C.; dos Santos, R.G.; Strassman, R.; Anderson, B. & Mizumoto, 
S. In press. Efectos de la afiliacion al Santo Daime sobre la depen- 
dence a sustancias [Effect of Santo Daime membership on sub- 
stance dependence]. In: B.C. Labate & J.C. Bouso (Eds.) Ayahuasca 
y Salud [Ayahuasca and Health]. Barcelona: Los Libros de La Liebre 
de Marzo. 

Labate, B.C.; dos Santos, R.G.; Anderson, B.; Mercante, M. & Barbosa, 
P.C.R. 2010. The treatment and handling of substance dependence 
with ayahuasca: Reflections on current and future research. In: B.C. 
Labate & E. MacRae (Eds.) Ayahuasca, Ritual and Religion in 
Brazil. London: Equinox. 

Lima, F.A.S. & Tofoli, L.F. 2011. An epidemiological surveillance 
system by the UDV: Mental health recommendations concerning 
the religious use of hoasca. In: B.C. Labate & H. Jungaberle 
(Eds.) The Internationalization of Ayahuasca. Zurich/Berlin: Lit 
Verlag. 


Lima, F.; Naves, M.; Motta, J.; Migueli, J.; Brito, G. et al. 2002. 
Sistema de monitoramento psiquiatrico em usuarios do cha hoasca 
[Psychiatric surveillance system in hoasca tea consumers]. Revista 
Brasileira de Psiquiatria 24 (Suppl. 2). Available at: http://dx.doi. 
org/10. 1 590/S 1 5 1 6-444620020006000 14. 

Luna, L.E. 2011. Indigenous and mestizo use of Ayahuasca. An overview. 
In: R.G. dos Santos (Ed.) The Ethnopharmacology of Ayahuasca. 
Trivandrum: Trans world Research Network. Available at: http:// 
www.trnres.com/ebook/uploads/rafael/T_l 299834995 1 %20Rafael. 
pdf. 

Lyvers, M. 2006. Recreational ecstasy use and the neurotoxic potential 
of MDMA: Current status of the controversy and methodological 
issues. Drug and Alcohol Review 25 (3): 269-76. 

Mason, C. 2012. Father raises $8,300 to bring Sebastopol teen’s body 
from Peru. PressDemocrat Available at: http://sebastopol. towns. 
pressdemocrat.com/2012/09/news/father-raises-8300-to-bring- 
sebastopol-teens-body-from-peru/. 

Mcllhenny, E.H.; Riba, J.; Barbanoj, M.J.; Strassman, R. & Barker, S.A. 
2012. Methodology for determining major constituents of ayahuasca 
and their metabolites in blood. Biomedical Chromatography 26 (3): 
301-13. 

Mcllhenny, E.H.; Riba, J.; Barbanoj, M.J.; Strassman, R. & Barker, 
S.A. 2011. Methodology for and the determination of the major 
constituents and metabolites of the Amazonian botanical medicine 
ayahuasca in human urine. Biomedical Chromatography 25 (9): 
970-84. 

McKenna, D.J. & Peroutka, S.J. 1989. Differentiation of 
5 -hydroxy try ptamine 2 receptor subtypes using 125 I-R-(-)2,5- 
dimethoxy-4-iodo-phenylisopropylamine and 3 H-ketanserin. 
Journal of Neuroscience 9 (10): 3482-90. 

Miwa, H.; Kubo, T.; Suzuki, A.; Kihira, T. & Kondo, T. 2006. A 
species-specific difference in the effects of harmaline on the rodent 
olivocerebellar system. Brain Research 1068 (1): 94-101. 

Mueller, M.; Maldonado- Adrian, C.; Yuan, J.; McCann, U.D. & Ricaurte, 
G.A. 2012. Studies of {+/-} 3,4-methylenedioxymethamphetamine 
(MDMA) metabolism and disposition in rats and mice: 
Relationship to neuroprotection and neurotoxicity profile. 
Journal of Pharmacology and Experimental Therapeutics doi: 
10.1 124/jpet.l 12.201699. 

Mueller, M.; Goodwin, A.K.; Ator, N.A.; McCann, U.D. & 
Ricaurte, G.A. 2011. Metabolism and disposition of 3,4- 
methylenedioxymethamphetamine (MDMA, “Ecstasy”) in baboons 
after oral administration: Comparison to humans reveals marked dif- 
ferences. Journal of Pharmacology and Experimental Therapeutics 
338 (1): 310-07. 

Neto, J.S. 2009. Polfcia de Goias investiga morte de universitario apos 
tomar cha do Santo Daime [The Police of Goias State investigates 
the death of a university student after drinking the Santo Daime 
tea]. Available at: http://oglobo.globo.com/cidades/mat/2009/ll/18/ 
policia-de-goias-investiga-morte-de-universitario-apos-tomar-cha- 
do-santo-daime-914820561.asp. 

O’Heam, E. & Molliver, M.E. 1997. The olivocerebellar projection medi- 
ates ibogaine-induced degeneration of Purkinje cells: A model of 
indirect, trans-synaptic excitotoxicity. Journal of Neuroscience 17 
(22): 8828-11. 

O’Heam, E. & Molliver, M.E. 1993. Degeneration of Purkinje cells 
in parasagittal zones of the cerebellar vermis after treatment with 
ibogaine or harmaline. Neuroscience 55 (2): 303-10. 

Oliveira, C.D.; Moreira, C.Q.; Spinosa, H. de S. & Yonamine, M. 2011. 
Neurobehavioral, reflexological and physical development of Wistar 
rat offspring exposed to ayahuasca during pregnancy and lactation. 
Revista Brasileira de Farmacognosia 21 (6): 1065-76. Available at: 
http://www.scielo.br/pdf/rbfar/v21n6/aopl63 1 1 .pdf. 

Oliveira, C.D.; Moreira, C.Q.; de Sa, L.R.; Spinosa, H. de S. & Yonamine, 
M. 2010. Maternal and developmental toxicity of ayahuasca in 


Journal of Psychoactive Drugs 


76 


Volume 45 (1), January - March 2013 



dos Santos 


Safety and Side Effects of Ayahuasca in Humans 


Wistar rats. Birth Defects Research. Part B, Developmental and 
Reproductive Toxicology 89 (3): 207-12. 

Osorio, F.L.; de Macedo, L.R.H.; de Sousa, J.P.M.; Pinto, J.P.; Quevedo, 
J.; Crippa, J.A.S. & Jaime Eduardo C. Hallak, J.E.C. 2011. The 
therapeutic potential of harmine and ayahuasca in depression: evi- 
dence from exploratory animal and human studies. In: R.G. dos 
Santos (Ed.) The Ethnopharmacology of Ayahuasca. Trivandrum: 
Transworld Research Network. Available in: http://www.tmres.com/ 
ebook/uploads/rafael/T_ 12998352185 %20Rafael .pdf. 

Ott, J. 1994. Ayahuasca Analogues: Pangaean Entheogens. Kennewick: 
Natural Books Co. 

Owaisat, S.; Raffa, R.B. & Rawls, S.M. 2012. In vivo comparison 
of harmine efficacy against psychostimulants: Preferential inhibi- 
tion of the cocaine response through a glutamatergic mechanism. 
Neuroscience Letters 525 (1): 12-06. 

Peru21. 2012. Hallan cuerpo de estadounidense perdido en Madre 
de Dios [Body of lost North American was found in Madre 
de Rios]. Available in: http://peru21.pe/actualidad/hallan-cuerpo- 
estadounidense-perdido-madre-dios-204 1873. 

Peru21. 2011. Francesa muere tras consumir ayahuasca [French woman 
dies after consuming ayahuasca]. Available in: http://pem21.pe/ 
impresa/noticia/francesa-muere-consumir-ayahuasca/20 1 1 -08- 1 0/ 
310767. 

Pilgrim, J.L.; Gerostamoulos, D.; Woodford, N. & Drummer, O.H. 2012. 
Serotonin toxicity involving MDMA (ecstasy) and moclobemide. 
Forensic Science International 215 (1-3): 184-88. 

Pomilio, A.B.; Vitale, A.A. & Ciprian-Ollivier, J. 2003. Cult-Hoasca: A 
model for schizophrenia. Molecular Medicinal Chemistry 1: 1-7. 

Pomilio, A.B.; Vitale, A.A.; Ciprian-Ollivier, J.; Cetkovich-Bakmas, M.; 
Gomez, R. & Vasquez, G. 1999. Ayahoasca: An experimental psy- 
chosis that mirrors the transmethylation hypothesis of schizophrenia. 
Journal of Ethnopharmacology 65 (1): 29-51. 

Poulson, E. & Robson, J.M. 1963. The effect of amine oxidase inhibitors 
on pregnancy. Journal of Endocrinology 27: 147-55. 

Prado, D.A.; Pinto, J.; Crippa, J.; Santos, A.; Ribeiro, S.; Araujo, 
D.; Zuardi, A.; Chaves, C. & Hallak, J. 2009. Effects of the 
Amazonian psychoactive plant beverage ayahuasca on prefrontal 
and limbic regions during a language task: A fMRI study. European 
Neuropsychopharmacology 19 (Suppl 3): S3 14— 5. 

Reus, G.Z.; Stringari, R.B.; Gon9alves, C.L.; Scaini, G.; Carvalho-Silva, 
M.; Jeremias, G.C.; Jeremias, I.C.; Ferreira, G.K.; Streck, E.L.; 
Hallak, J.E.; Zuardi, A.W.; Crippa, J.A. & Quevedo, J. 2012. 
Administration of harmine and imipramine alters creatine kinase 
and mitochondrial respiratory chain activities in the rat brain. 
Depression Research and Treatment 2012: Article ID 987397. 
doi: 10. 1 155/2012/987397 

Reus, G.Z.; Stringari, R.B.; de Souza, B.; Petronilho, F.; Dal-Pizzol, 

F. ; Hallak, J.E.; Zuardi, A.W.; Crippa, J.A. & Quevedo, J. 2010. 
Harmine and imipramine promote antioxidant activities in pre- 
frontal cortex and hippocampus. Oxidative Medicine and Cellular 
Longevity 3 (5): 325-31. 

Riba, J. 2003. Human pharmacology of Ayahuasca. Doctoral thesis, 
Universitat Autonoma de Barcelona, Barcelona, Spain. Available in: 
http://www.tdx.cesca.es/TDX-0701 104-165104/. 

Riba, J. & Barbanoj, M.J. 2011. Pharmacology of ayahuasca: Clinical 
trials in healthy volunteers. In: B.C. Labate & H. Jungaberle 
(Eds.) The Internationalization of Ayahuasca. Zurich/Berlin: Lit 
Verlag. 

Riba, J. & Barbanoj, M.J. 2006. Ayahuasca. In: J.C. Peris; J.C. Zurian; 

G. C. Martinez & G.R. Valladolid (Eds.) Tratado SET de Transtornos 
Adictivos. Madrid: Ed. Medica Panamericana. 

Riba, J. & Barbanoj, M.J. 2005. Bringing ayahuasca to the clinical 
research laboratory. Journal of Psychoactive Drugs 37 (2): 219-30. 

Riba, J.; Rodrfguez-Fomells, A. & Barbanoj, M.J. 2002. Effects of 
ayahuasca sensory and sensorimotor gating in humans as measured 


by P50 suppression and prepulse inhibition of the startle reflex, 
respectively. Psychopharmacology 165 (1): 18-28. 

Riba, J.; Mcllhenny, E.H.; Valle, M.; Bouso, J.C. & Barker, S.A. 2012. 
Metabolism and disposition of A//V-dimethyltryptamine and harmala 
alkaloids after oral administration of ayahuasca. Drug Testing & 
Analysis 4 (7-8): 610-06. 

Riba, J.; Romero, S.; Grasa, E.; Mena, E.; Carrio, I. & Barbanoj, 
M.J. 2006. Increased frontal and paralimbic activation follow- 
ing ayahuasca, the pan-amazonian inebriant. Psychopharmacology 
186(1): 93-8. 

Riba, J.; Valle, M.; Urbano, G.; Yritia, M.; Morte, A. & Barbanoj, 
M.J. 2004. Effects of the South American psychoactive bever- 
age ayahuasca on regional brain electrical activity in humans: A 
functional neuroimaging study using low-resolution electromagnetic 
tomography. Neuropsychobiology 50 (1): 89-101. 

Riba, J.; Valle, M.; Urbano, G.; Yritia, M.; Morte, A. & Barbanoj, 
M.J. 2003. Human pharmacology of ayahuasca: Subjective and 
cardiovascular effects, monoamine metabolite excretion, and 
pharmacokinetics. Journal of Pharmacology and Experimental 
Therapeutics 306 (1): 73-83. 

Riba, J.; Anderer, R; Morte, A.; Urbano, G.; Jane, F.; Saletu, B. & 
Barbanoj, M.J. 2002. Topographic pharmaco-EEG mapping of the 
effects of the South American beverage ayahuasca in healthy volun- 
teers. British Journal of Clinical Pharmacology 53 (6): 613-28. 

Riba, J.; Rodrfguez-Fomells, A.; Urbano, G.; Morte, A.; Antonijoan, R.; 
Montero, M.; Callaway, J.C. & Barbanoj, M.J. 2001. Subjective 
effects and tolerability of the South American psychoactive bever- 
age ayahuasca in healthy volunteers. Psychopharmacology, 154 (1): 
85-95. 

Roberts, C. 2012. Father of teen dead in Peru ritual thinks son was 
murdered. Available at: http://www.nbcbayarea.com/news/local/ 
Father-of-Teen-Dead-in-Peru-Ritual-Thinks-Son-Was-Murdered- 
171382471.html. 

RPP Noticias. 2012. Curandero confeso que enterro a joven norteam- 
ericano [Curandero confessed he had buried young American]. 
Available at: http://www.rpp.com.pe/2012-09-ll-madre-de- 

dios-curandero-confeso-que-enterro-a-joven-norteamericano- 
noticia_5208 1 5 .html. 

RPP Noticias. 2010. Joven sueco quedo en coma tras probar Ayahuasca 
[Young Swede enters into coma after trying ayahuasca]. Available 
in: http://www.rpp.com.pe/2010-12-29-joven-sueco-quedo-en- 

coma-tras-probar-ayahuasca-noticia_32302 1 .html. 

Schultes, R.E. 1986. El desarrollo historico de la identification de 
las malpigiaceas empleadas como alucinogenos [The historical 
development of the identification of malpighiaceous used as 
hallucinogens]. America Indigena 46 (1): 9-47. 

Schultes, R.E. & Hofmann, A. 1992. Plants of the Gods: Their Sacred, 
Healing, and Hallucinogenic Powers. Rochester: Healing Arts 
Press. 

Selvaraj, S.; Hoshi, R.; Bhagwagar, Z.; Murthy, N.V.; Hinz, R.; Cowen, R; 
Curran, H.V. & Grasby, P. 2009. Brain serotonin transporter binding 
in former users of MDMA (‘ecstasy’). British Journal of Psychiatry 
194 (4): 355-59. 

Silins, E.; Copeland, J. & Dillon, P. 2007. Qualitative review of serotonin 
syndrome, ecstasy (MDMA) and the use of other serotonergic sub- 
stances: Hierarchy of risk. Australian and New Zealand Journal of 
Psychiatry 41 (8): 649-55. 

Sklerov, J.; Levine, B.; Moore, K.A.; King, T. & Fowler, D. 2005. 
A fatal intoxication following the ingestion of 5-methoxy-A/V- 
dimethyltryptamine in an ayahuasca preparation. Journal of 
Analytical Toxicology 29 (8): 838 — 41 . 

Smith, R.L.; Canton, H.; Barrett, R.J. & Sanders-Bush, E. 1998. Agonist 
properties of A//V-dimethyltryptamine at 5-HT2A and 5-HT2C 
serotonin receptors. Pharmacology, Biochemistry and Behavior 61 
(3): 323-30. 


Journal of Psychoactive Drugs 


77 


Volume 45 (1), January - March 2013 



dos Santos 


Safety and Side Effects of Ayahuasca in Humans 


Stuckey, D.E.; Lawson, R. & Luna, L.E. 2005. EEG gamma coher- 
ence and other correlates of subjective reports during ayahuasca 
experiences. Journal of Psychoactive Drugs 37 (2): 163-78. 

Topping, D.M. 1998. Ayahuasca and cancer: One man’s experience. 
MAPS Newsletter , 8 (3): 22-6. Available at: http://www.maps.org/ 
news-letters/v08n3/08322top.html. 

UOL Noticias. 2009. Jovem morre apos consumir cha de Santo Daime 
[Young man dies after consuming the Santo Daime tea]. Available 
at: http://noticias.uol. com.br/ultnot/multi/?hashId=go-jovem- 

morre-apos-consumir-cha-de-santo-daime-0402376ED8C97366& 
mediald=379677. 

Vanguardia. 2011. Dos personas murieron tras un ritual con yage [Two 
people died after a ritual with yage]. Available at: http://www. 
vanguardia.com/judicial/1 17420-dos-personas-murieron-tras-un- 
ritual-con-yage. 

Vera, G.H. 2010. Hombre que queria “arreglar su matrimonio”, murio 
tomando yage [Man who wanted to “fix his marriage”, died drinking 
yage]. Available at: http://www.elespacio.com.co/oficial/index.php/ 
judicial/judicial/12842-hombre-que-queria-arreglar-su-matrimonio- 
murio-tomando-yage. 

Vollenweider, F.X.; Jones, R.T. & Baggott, M.J. 2001. Caveat emptor: 
Editors beware. Neuropsychopharmacology 24 (4): 461-63. 

Vollenweider, F.X.; Gamma, A.; Liechti, M. & Huber, T. 1999. Is a sin- 
gle dose of MDMA harmless? Neuropsychopharmacology 21 (4): 
598-600. 

Vuori, E.; Henry, J.A.; Ojanpera, I.; Nieminen, R.; Savolainen, T.; 
Wahlsten, P. & Jantti, M. 2003. Death following ingestion of MDMA 
(ecstasy) and moclobemide. Addiction 98 (3): 365-68. 

Warren, R.J. 2004. Fatal nicotine intoxication resulting from the ingestion 
of “ayahuasca”. Journal of Analytical Toxicology 28: 287. 


Wu, C.; Jiang, X.L.; Shen, H.W. & Yu, A.M. 2009. Effects of CYP2D6 sta- 
tus on harmaline metabolism, pharmacokinetics and pharmaco- 
dynamics, and a pharmacogenetics-based pharmacokinetic model. 
Biochemical Pharmacology 78 (6): 617-24. 

Yamada, M. & Yasuhara, H. 2004. Clinical pharmacology of MAO 
inhibitors: Safety and future. Neurotoxicology 25 (1-2): 215-21. 

Youdim, M.B.H. & Weinstock, M. 2004. Therapeutic applications 
of selective and non-selective inhibitors of monoamine oxidase 
A and B that do not cause significant tyramine potentiation. 
Neurotoxicology 25 (1-2): 243-50. 

Yritia, M.; Riba, J.; Ortuno, J.; Ramirez, A.; Castillo, A.; Alfaro, 
Y.; de la Torre, R. & Barbanoj, M.J. 2002. Determination of 
V,V-dimethyltryptamine and beta-carboline alkaloids in human 
plasma following oral administration of Ayahuasca. Journal of 
Chromatography B 779 (2): 271-81. 

Yu, A.M.; Idle, J.R.; Krausz, K.W.; Kiipfer, A. & Gonzalez, F.J. 2003. 
Contribution of individual cytochrome P450 isozymes to the O- 
demethylation of the psychotropic /1-carboline alkaloids harma- 
line and harmine. Journal of Pharmacology and Experimental 
Therapeutics 305 (1): 315-22. 

Zhao, T.; Zheng, S.S.; Zhang, B.F.; Li, Y.Y.; Bligh, S.W.; Wang, C.H. & 
Wang, Z.T. 2012. Metabolic pathways of the psychotropic-carboline 
alkaloids, harmaline and harmine, by liquid chromatography /mass 
spectrometry and NMR spectroscopy. Food Chemistry 134 (2): 
1096-105. 

Zhao, T.; He, Y.Q.; Wang, J.; Ding, K.M.; Wang, C.H. & Wang, Z.T. 2011. 
Inhibition of human cytochrome P450 enzymes 3A4 and 2D6 by f- 
carboline alkaloids, harmine derivatives. Phytotherapy Research 25 
(11): 1671-77. 


Journal of Psychoactive Drugs 


78 


Volume 45 (1), January - March 2013 



